A simple, extractive heptafluoro-n-butyrylation with Extrelut columns was devised to simultaneously measure methamphetamine (MAMP), amphetamine (AMP), 4-hydroxymethamphetamine (HMAMP), and 4-hydroxyamphetamine (HAMP) in biological materials by gas chromatography-mass spectrometry (GC-MS) using 4-methoxymethamphetamine-ds as the internal standard. Human urine, human whole blood, and porcine skeletal muscle spiked with the stimulant standards were used for evaluating the method. After deproteinization and adjustment of the pH to 12.6, the sample was applied to an Extrelut column. Using the present method, AMP, MAMP, and HMAMP could be determined in an adual forensic case study.
Introduction
In forensic toxicology, the analysis of methamphetamine (MAMP) and amphetamine (AMP) is a major subject of interest. Some new techniques, such as solidphase extraction (SPE) and solid-phase microextraction, have been employed for these stimulants (1) (2) (3) . The extracted stimulants should be derivatized before analysis by gas chromatography (GC) or gas chromatography-mass spectrometry (GC-MS) (4) . Meatherall (5) reported extractive derivatization with propyl chloroformate for MAMP and AMP in urine liquid-liquid extraction. In the present study, a combination of SPE with Extrelut (Merck, Darmstadt, Germany) columns plus heptafluoron-butyryl derivatization was attempted in order to establish a new extraction derivatization technique for these stimulants and their metabolites, 4-hydroxymetham-* Presented at the meeting of the Japanese Society for Biomedical Mass Spectrometry, Nagoya, Japan, September 1995. "t Author to whom correspondence should be addressed.
phetamine (HMAMP) and 4-hydroxyamphetamine (HAMP), in biological samples.
Experimental

Biological specimens
Urine and blood were supplied by a nonabusing volunteer. Porcine skeletal muscle was obtained from a local butcher's shop.
Reagents
Extrelut columns were washed twice with distilled dichloromethane and then dried at 150~ for 3 h. Heptafluoro-nbutyryl (HFB) chloride was obtained from Tokyo Chemical Industry Co. (Tokyo, Japan). MAMP, as its hydrochloride salt, was obtained from Dainippon Seiyaku Company (Osaka, Japan). Other standards comprising AMP as its sulfate, HAMP hydrochloride, I-IMAMP hydrochloride, and 4-methoxymethamphetamine-d5 hydrochloride, were prepared by the mettiods "Abbreviations: Mol. wt. = molecular weight, Rt = retention time, HFB = heptafluoro-n-butyryl, tbroad peak.
described in the author's previous report (6) . These amines were dissolved in 1M HCI, and the standard solutions were kept at 4~ and thus stable at any concentration for at least 5 years. 2-Phenethylamine, tyramine, 1,4-diaminobutane, 1,5-diaminopentane, ephedrine, and dopamine as their hydrochlorides were of the highest purity, n-Hexane, ethyl acetate, and water were distilled twice with glass equipment. 
120
Borate buffer
The buffer was made by dissolving 1.52 g sodium tetraborate decahydrate (Nacalai Tesque, Kyoto, Japan) in 100 mL of distilled water to give a 0.04M solution at pH 9.2.
Sample preparation
One milliliter or gram of specimen was spiked with 2-1000 ng of standards plus 1.0 pg of the internal standard and then diluted or homogenized with 5 mL of 0.01M HC1. The tissue homogenate or the diluted specimen was centrifuged for 10 rain at 1600 x g. One milliliter of the supernatant was used for pH adjustment, which was carried out with the addition of 0.1 mL of borate buffer (0.04M, pH, 9.2) plus a small amount of 1M NaOH. Each prepared sample solution was applied to a small column (10 cmx 0.6-cm i.d.) packed with 0.9 g of Extrelut. After 15 min, the analytes were eluted with 7 mL of n-hexane containing 1% HFB chloride. Then, the solvent was removed under a nitrogen stream at room temperature. The residue was dissolved in 50 IlL of ethyl acetate. For the running standard curve, standard compounds comprising 2-1000 ng each, together with 1 lag of internal standard, were added to I mL of distilled water and treated in the same manner.
Determination of the recoveries or derivatization efficiencies
In order to determine the recoveries, biological materials spiked with I lag/mL (or g) of standards were treated as previously described. The peak area of each compound obtained from biological samples was compared with the corresponding peak area from a standard sample. The standard sample was prepared by the following manner. One microgram of standards plus 1 lag of the internal standard was dried and derivatized with heptafluoro-n-butyric anhydride (Katayama Chemical Industries, Co., Osaka, Japan) in ethyl acetate at 80~ for 30 rain. After the derivatization, the solvent was evaporated to dryness under a nitrogen stream at room temperature. Finally, the residue dissolved in 50 pL of ethyl acetate was used as a standard sample. 
Conditions of GC-MS
GC-MS analyses were performed on a GC-M8 QP-5000 (Shimadzu, Kyoto, Japan) that was operated in the positive electron impact (EI) mode with an XTI| capillary column (30 m x 0.25-mm i.d., 0.25-tam film thickness, Restek Corporation, Bellefonte, PA). The septum at the injection port used was Thermolite TM (Restek). The injection port temperature was 220~ whereas the flow rate of the helium carrier gas was 1.7 mLlmin at 100 kPa. The purge time for the splitless injection was 1.0 min. The oven was maintained at an initial temperature of 60~ for 1 rain, then programmed at 20~ to 290~ and finally kept at 290~ until termination. The interface temperature was set at 250~ The ionizing energy was 70 eV. Full mass spectra were collected in the scan range of 50 to 650 amu at the scan cycle of 0.5 s. For the selected ion monitoring (SIM), the ions at m/z 240 and 118 were chosen for AMP, at 254 and 210 for MAMP, at 240 and 330 for HAMP, at 254 and 210 for HMAMP, and at m/z 258 for internal standard. HFB derivatives of AMP, MAMP, HAMP, HMAMP, internal standards, and other standards appeared at the retention times shown in Table I . In addition to the target compounds, ephedrine, and common biogenic and putrid amines were selected as standards for practical purposes. 2-Phenethylamine-HFB (PEA) possessed the same retention time as AMP-HFB. When 5 pg of PEA was analyzed by the SIM, the interfering peaks of PEA with AMP detection corresponded with approximately 50 ng at rn/z 118 and 5 ng at m/z 240 as AMP. Other derivatives were separated at the baseline level.
By changing the pH value of the urine sample before loading it on the Extrelut columns, the optimum pH to enable the best recovery was investigated, as shown in Figure  1 ; the highest recoveries were obtained around pH 13. When the pH value exceeded 13, isomers of AMP-, HAMP-, and HMAMPHFBs were formed. According to the results, the pH value for this sample preparation was set at 12.6. Table II shows the recoveries from human urine, human blood, and porcine skeletal muscle obtained at a pH of 12.6.
Running standard curves were made by SIM after preparing the distilled water spiked with the target compounds at 5.0, 10, 50, 100, 500, and 1000 ng/mL each. The curves were linear for all the compounds. Coefficients of correlation (r 2) were from 0.964 to 0.978 for AMP and MAMP and from 0.998 to 0.999 for HAMP and HMAMP. Linearities for biological samples were also assessed in the same manner as previously described. High linearities were obtained from the whole blood and the porcine Figure 4 . Mass spectra obtained at the peaks A, B, C, and IS in Figure 3 . Mass spectra A, B, and C were identified as amphetamine, methamphelamine, and 4-hydroxymethamphetamine, respectively.
skeletal muscle (r 2 = 0.99). Every peak obtained from each of the biological materials spiked with 2 ng/mL or 2 ng/g of standards was detectable with a signal-to-noise ratio of more than 6. Within-day precision was assessed by analyzing biological materials at 10 and 1000 ng/mL or 10 and 1000 ng/g, and the results estimated with the running standard curves are shown in Table III . Despite high linearities, the AMP and MAMP found in the biological materials indicated relatively lower values. One of the reasons for this may be a difference in proteinbinding between the stimulants and internal standard. For day-to-day precision, results similar to those of within-day trials were obtained from whole blood spiked with 10 ng/mL; coefficients of variation were satisfactory ranging from 5.5 to 11% (n = 4).
The final sample vial extracted from whole blood was left at room temperature and was analyzed on various days after its preparation. As shown in Figure 2 , the prepared samples remained stable for several days; the HFB derivatives of HAMP and HMAMP decomposed relatively more quickly than those of AMP and MAMP.
In order to assess the practical utility of this method, it was applied to actual screening tests for autopsy specimens. In this report, an actual forensic case in which the stimulants in cadaver specimens were determined at relatively low concentrations is introduced. The cadaver was that of a 47-year-old man who had been under arrest for more than I month before his death from heart disease. His drug-abuse history was unknown. His urine, whole blood, and other tissues were subjected to analysis. AMP, MAMP, and HMAMP were identified by obtaining mass chromatograms and mass spectra as shown in Figures 3 and 4 (the typical data obtained from a kidney specimen are presented). The quantitative results by SIM are shown in Table IV .
Discussion
In the present study, simultaneous extraction and HFB derivatization of MAMP and its three metabolites for their GC-M8 measurements were demonstrated.
HMAMP analysis is important in proving MAMP abuse. This compound is the main metabolite of MAMP and is mainly excreted as its conjugates into the urine. A few reports on extracting HMAMP for GC-MS analysis have been published (6) (7) (8) . For a rapid confirmation of MAMP intake, no hydrolysis procedure was performed in this study, although an amount of urinary HMAMP is commonly estimated after hydrolysis. By this method, HMAMP could be analyzed from various body specimens with a satisfactory recovery rate (Table II) . In this case study, the compound could be demonstrated in the liver, the kidney, and the urine (Table IV) . As an internal standard, 4-methoxymethamphetamine-ds was used in the present paper because it gives a suitable retention time and mass spectrum and does not interfere with the detection of analytes. The chemical characteristics of the internal standard, however, appeared to be considerably different from that of the hydroxylated compounds. The accurate pH adjustment to 12.6 is required to obtain quantitative results in reliable values as shown in Tables II and III. For quantitative and qualitative analysis of a relatively low concentration, two characteristic ions of each compound were selected. Each concentration of the compound was estimated as an average of values obtained from two ion peaks. When a large difference between the two values of each compound is observed, interfering peaks should be taken into consideration. In practice, a small peak interfering with AMP detection frequently appeared at m/z 240 in actual samples in actual samples of liver, kidney, and spleen, as shown in Table IV . Even in this case study, the mass spectra of stimulant derivatives could be clearly observed, as shown in Figure 4 . The whole procedure using this method took only about 1.5 h, even for plural samples (usually 6 samples); the procedure time for a single sample could be shortened. This method is recommended for the demonstration of MAMP abuse because of its simplicity and speed.
Conclusion
By this extractive heptafluoro-n-butyrylation on Extrelut columns, the samlJle preparation for GC-MS analysis of methamphetamine and its metabolites in biological materials can be easily and rapidyly performed. The availability of this newly developed method was demonstrated in an actual forensic case.
